Abstract
Introduction
Multi-objective integration of flexible collaborative planning and flexible lot-splitting scheduling is the extension of the traditional Job-shop Scheduling Problem. It's more complex and suitable for the practical production. In order to optimize this problem, we need to take another two factors into consideration: on one hand, the flexible collaborative planning whose tasks can be outsourced to partners is different from the traditional one, and its superiority is improved by literature [1] [2] ; on the other hand, the jobs finished by own often require batch production, the same job can be divided into several lots while being processed, and the number of each lot is variable, so we call it the flexible lotsplitting scheduling. Research of LOW [3] [4] shows that in job shop, it's efficient for reducing the idle waiting time of the machine, raising the utilization rate of equipment and shortening the production cycle by batch processing. However the difficulty is how to determine the number of the optimal batch and the quantity of jobs in each lot. So the key to solving the model for multi-objective integration of flexible collaborative planning and flexible lot-splitting scheduling is how to integrate the flexible collaborative planning, the flexible lot splitting and scheduling of the job.
In this paper, we take into consideration that processing time and due date obeyed fuzzy time window distribution as well as the integration of inner and outer production unit. We establish a model for multi-objective integration of flexible collaborative planning and fuzzy lot-splitting scheduling. The four optimization objectives of the model are average delivery satisfaction, fuzzy total cost, fuzzy completion time and average
Fuzzy Measure of Key Performance Indicators in the Model
This paper adopts the triangular fuzzy numbers represent fuzzy processing time, the trapezoidal fuzzy numbers represent fuzzy due date, which was introduced by literature [8] . We apply the addition operation, maximum operation and comparison operation to fuzzy numbers, which was defined by literature [9] . At the same time, we need to extend the corresponding traditional fuzzy scheduling theory. In this section, the fuzzy number operators and calculation methods for each objective are described.
Satisfaction Index
Satisfaction index which is proposed by Masatoshi Sakawa [9] [10] means the ratio of the area which belongs to the membership degree function of the fuzzy completion time to the intersected area. Since the model includes the collaborative planning, the new formula for calculating is:
In formula (1) Co  , it will be finished by own.
Fuzzy Total Cost Index
The cost must be considered in the model for integration of collaborative planning and fuzzy scheduling. Most scholars regard the processing cost of each working procedure as a single definite number while studying on the fuzzy scheduling. In this paper, we regard it as a fuzzy number, which can be calculated by material cost, the corresponding processing cost of each machine and the fuzzy processing time, so we call it fuzzy processing cost.
Taking the collaborative planning into consideration, as the collaborative cost is a definite number while the processing cost of the task finished by own is a fuzzy number, we need to define the addition operation between a definite number and a fuzzy number firstly to calculate the total cost. Assume that P is the collaborative cost, we treat it as a special triangular fuzzy number  
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is the fuzzy processing cost. According to the addition operation on fuzzy numbers, we can conclude that:
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To calculate the completion time, we must calculate the completion time of each working procedure orderly, and finally we can get the completion time of the last procedure. In the fuzzy flexible scheduling, the processing time of each working procedure is a fuzzy number, so the completion time we finally get is also a fuzzy number, we call it fuzzy completion time here. The formula for calculating fuzzy completion time of working procedure ij O is: ( 1) ,1 
Tardiness Credibility Index
Tardiness credibility index means the credibility of the finished job with tardiness under the circumstance of fuzzy due date, and it can be used for measuring the possibility of tardiness happen to each job. Since the fuzzy processing time is a triangular fuzzy number while the fuzzy due date is a trapezoidal fuzzy number, to calculate the tardiness of each job, we need to define the subtraction operation between a triangular fuzzy number and a trapezoidal fuzzy number [11] : Assume that 
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For the fuzzy tardiness 
Similar as above, the new formula for calculating the tardiness credibility with collaborative planning is:
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) sub-jobs. Every sub-job will be handled as a whole, and they have the same stating time. The goal of the integration of flexible collaborative planning and fuzzy lotsplitting scheduling is to optimize the flexible collaborative planning, the flexible lot splitting and scheduling of the job simultaneously. Meanwhile the model employs average delivery satisfaction, fuzzy total cost, fuzzy completion time and average credibility of job tardiness as optimization objectives to optimize them overall on the premise that they can satisfy all the constraints.
Objective functions
(1) Average delivery satisfaction
For the convenience of handling the function, we change formula (7) into formula (8): 
Constraints
(1) Process constraint. Every job can be processed by only one process route:
(2) Working procedure constraint. The next procedure of the same job can't be processed until the preceding one is finished. 
M is a positive parameters which is large enough.
(4) The other constraints: Procedures of different jobs are unrestrained. All jobs have the same priority level. All machines are available at time zero. At least one job should be processed by its own, and so on.
Algorithm for the Model Based On the Pareto Optimal
In this section, we propose an algorithm based on the improved NSGA-II. To make the algorithm better, we design the integrated coding scheme, which include collaboration chromosome, lot-splitting chromosome and scheduling chromosome, meanwhile the Pareto optimal scheme is designed.
Coding and Decoding
The collaborative ratio of each job, the lot splitting and their scheduli ng are included in the solutions of the model for integration of flexible collaborative planning and fuzzy lot-splitting scheduling. So the collaboration chromosome, lotsplitting chromosome and scheduling chromosome should be included in the chromosome coding scheme.
One gene of a collaboration chromosome represents one decision variable, and the random number between 0 and 1 represents the collaborative ratio. As shown in Figure. 1, in the initialization, we generate n random numbers express in In addition, since that in actual production, there may be a small number of jobs needed to be outsourced or finished by own. In this case, as constrained in formula (16), we will outsource all the jobs or finish by own. 0, 0.1 1 0.9
In the scheduling problem, there is a U-sharped relationship between the lot and the production cycle [7] : if the lot size is too small, the quantity of the sub-lot will increase. At the same time, with the increase of the quantity of the sub-lot, the search space of the problem will rise sharply, and the search efficiency of the algorithm will drop as well as the quality of the solutions; on the other hand, if the lot size is too big, part of the machines will be leaved idle for a long time, and the load of some machines will be overweight. So production efficiency will drop. Aiming at the disadvantage of the same batch proposed by Sun Zhijun [6] , we adopt a flexible lot-splitting method based on 'cursor' which is proposed by Bai Junjie [7] : we need to set a certain amount of cursors in the working procedures of one job, and then divide the job into several lots. As shown in Figure. 2, assume that the number of jobs need to be finished by own is 10, the position of the three cursors is 3, 7, 7, so the jobs are divided into 3 lots (3, 4, 3) . During the running time of the algorithm, the cursors will adapt themselves based on the current state of the system. In addition, the number of the cursors can be appropriate changed according to the number of the jobs. In this way, the sub-lot and its lot size can be adjusted flexibly. The lot-splitting chromosome represents the lot-splitting strategy of each job, and the scheduling chromosome represents the scheduling sequence of each lot. In order to identify the lot-splitting chromosome and the scheduling chromosome, we insert a meaningless '00' between them. Assume that there are two kinds of jobs, the production quantity and the collaborative ratio of which is 10, 10 and 0, 0.4, the number of the job finished by own is 10 and 6. As shown in Figure. 3, the first part of the code means that the two kinds of jobs are divided into 3 and 2 lots, and the second part means the scheduling sequence of each lot. The scheduling sequence is still coded by the process. For example, '11' and '12' represent the first and the second lot of the first job. The first '11' represents the first working procedure in the first lot of the first job, and the second '11' represents the second working procedure in the first lot of the first job, and so on. If there are more than 10 kinds of jobs or sub -lots, they can be expressed in decimal numbers. While decoding, we need to decode the three part of the chromosome respectively to get a feasible solution of the problem.
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Crossover and Mutation Operation
During the crossover and mutation operation, the lot size of each job can be changed, so we need to adjust the length of the chromosome. Aiming at this particularity, crossover and mutation operation of the three parts should be undertaken separately.
(1) Crossover operation of collaboration chromosome. We use the single-point crossover strategy in this operation. As shown in Figure. 5, choose a crossover point randomly, collaboration chromosome X and its corresponding collaboration chromosome Y will be cut into two parts. We will get the new collaboration chromosomes by exchanging the second part of these two collaboration chromosome. (2) Crossover operation of lot-splitting chromosome. The number of the genes need to be crossed is random. Since that the number of each job isn't always the same, the cursor can beyond the actual quantity of processing, we need to repair the chromosome. As shown in Figure. 6, the cursors of the first job in the first chromosome are appeared at bit 3 and 7, the quantity of the second job is 6, so we need to get rid of cursor 7. At the same time, the lot size of the jobs is changed. If there is an increase, we can insert the corresponding chromosome into a random bit of the second part of the chromosome; if there is a decrease, we need to remove the extra chromosome. For example, both of the two jobs have 3 working procedures. If the lot size of the first job reduce from 3 to 2, we should remove the 3 extra '13' in the second part of the chromosome; If the lot size of the second job increase from 1 to 4, we should insert 3 '22' and '23' randomly. Mutation operation of lot-splitting chromosome is as below: Exchange the 2 random genes of the lot-splitting to generate a new chromosome. If the new chromosome is an illegal one, we should repair it with the same method above.
(3) Crossover operation of scheduling chromosome. In order to reduce the complexity of the program and speed the algorithm, we set a rule that the crossover operation of scheduling chromosome can be allowed only when the collaboration chromosomes are identical.
Mutation operation of scheduling chromosome is similar to lot-splitting chromosome.
Fast Non-Dominant Sorting and Selection Operation
The non-dominant sorting is based on the conception of Pareto optimum, the basic process is: To each individual, calculate its non-dominated level, which is expressed in 
（17）
We sort the non-dominated level of all individuals by the i rank . When constructing the non-dominated set, the quick sort algorithm was adopted in this paper, which was proposed by ZHENG Jinhua [14] . Complexity of this algorithm is smaller than ( lg ) O rn n , and it's better than traditional NSGAⅡ's
The crowding distance is also used in this paper to maintain the diversity of individuals. An individual's crowding distance can be calculated through summing the distance of each sub-objective between two neighboring individuals within the same nondominated level after the normalization, which was expressed in [] 
The Algorithm Flow
The procedures of the MOEA based on improved NSGA-II are as follows:
(1) Generate the initial population 0 P randomly, population size is Popsize , and set 0 t  ; (2) Non-dominant sorting the 0 P , and calculate its crowding distance. Then generate the first progeny generation 0 Q through the selection, crossover and mutation operation;
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Simulation and Analysis
The efficiency of the model and the algorithm is proved by the data simulated from a manufacturing enterprise and its partner. There are 10 machines, 6 kinds of jobs, 10 batches and 6 working procedures. The restraints of the available machines are shown in Table 1 . The fuzzy processing time, the quantity of each job, the fuzzy due date, the material cost and collaboration cost per unit time are shown in Table 2 . "-" means this job cannot be outsourced. The processing cost per unit time of every machine is given in Table 3 .
The algorithm parameters are set as below: the population size 100 Popsize  
Conclusion
The main work of this paper was summarized as follows: First, we studied the fuzzy measure method of delivery satisfaction, fuzzy total cost, fuzzy completion time and credibility of job tardiness. At the same time, the calculation formulas of them were given. Second, a model for multi-objective integration of flexible collaborative planning and fuzzy lot-splitting scheduling of batch production was established. And then we designed a multi-objective algorithm based on the Pareto optimal, which include collaboration chromosome, lot-splitting chromosome and scheduling chromosome. Meanwhile the Pareto optimal scheme and the algorithm flow were given. Finally, the efficiency of the model and algorithm was proved by the simulation.
Since that the number of optimization objective is usually more than four, our further work is to design a high-dimension multi-objective evolutionary algorithm to solve the model for integration of collaborative planning and fuzzy scheduling.
